Train service reliability is a key metro management objective and a major part of a successful operation. The occurrence of incidents in the network is likely to cause delays to the train service, perturbing the punctuality and regularity of the metro operation, and hence its service reliability. This suggests that one way to improve train service reliability is to reduce the occurrence of incidents in urban metro systems. This paper uses statistical techniques to identify the main factors explaining the variation in the number of delay incidents across 42 metro lines (of 15 different metro systems) over the period [2005][2006][2007][2008][2009]. The results indicate that among the main factors explaining differences in incident performance across urban metro lines are the technology of the mode of train operation, the level of passenger demand, the service level operated during peak periods, and the practical capacity available. On the contrary, engineering, and usually fixed, metro factors such as the type of track support, the type of rail connection, the type of rolling stock wheel, do not have an effect on incident levels. The findings also suggest that metro-specific factors help explain the variation in incident performance, where such factors refer to differences in maintenance and management practices, operations management, health & safety procedures etc. [co-authors:
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Established in 1992, the Railway and Transport Strategy Centre (RTSC) at Imperial College London was set up:
To serve the transport industry on strategic, technology, economic and policy issues As a research unit within the Centre for Transport Studies, As a commercial unit within the Department of Civil and Environmental Engineering at Imperial College, supporting the academic work of the College.
Three key research themes: 
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Background & Objectives (1)
The occurrence of incidents often causes delays to rail service, perturbing the punctuality and regularity of the operation, and hence service reliability.
Service reliability can be targeted through incident prevention and Service reliability can be targeted through incident prevention and incident recovery. This work is concerned with the former.
The objective is to identify the key factors underlying the variation in the number of delay incidents across urban metros through regression analysis. Previous research on service reliability tends to look at travel time reliability, either by focusing on the variability or the predictability of passenger travel times.
Some studies have looked at the consequences of incidents on service level degradation. Surprisingly, we did not find any previous 11 11 11 11 service level degradation. Surprisingly, we did not find any previous evidence on the drivers of incidents.
Since incident prevention is one way to improve service reliability it is important that metro operators have a better understanding of the factors influencing the occurrence of incidents in their systems. On average, we observe each metro line 4.89 times over the 5 year period.
Data
The data are collected by the RTSC for their urban metro benchmarking groups CoMET and Nova through special purpose designed questionnaires.
Data verification and validation checking tests were conducted, including regular contacts with CoMET and Nova members. 
Empirical Model
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Empirical Model (1)
The variable of interest is the number of incidents occurring in a given year and metro line. This is a discrete variable that only takes non-negative values.
Least squares regression assumes a Normal distribution and can predict both negative and continuous values for the number of incidents, which is not appropriate.
Standard approach to model count data is to use a use a Poisson 23 Standard approach to model count data is to use a use a Poisson regression model (PRM) or a Negative Binomial regression Model (NBRM).
According to the PRM, the probability that of a metro line i at time period t receiving yit incidents is 
Empirical Model (3)
Common alternative to the PRM is the Negative Binomial regression model (NBRM), which allows for overdispersion by adding an error that can capture unobserved cross-sectional heterogeneity: v = e(ε ) adds random variation in the model due to unobserved heterogeneity.
The most commonly used version of the NBRM is known as NB2. It has conditional mean µit and the variance is a quadratic function of the mean and the overdispersion parameter α: µit(1+ α µit). [Cameron and Trivedi, 2005] In addition to the NBRM, we also estimate a random effects PRM/NBRM, which allow for metro-specific heterogeneity.
Empirical Model (4)
Models estimated:
Negative Binomial Regression Model (NBRM) which allows for overdispersion in the data.
To allow for metro-specific heterogeneity we also estimated:
(i) Random effect PRM: allows for a metro-specific random intercept.
(ii) Random effect NBRM: allows the dispersion parameter to vary (ii) Random effect NBRM: allows the dispersion parameter to vary randomly between metros.
Random effect models help explain part of the variation in incident levels without creating identification issues due to collinearity between some of the covariates and the metro-specific dummy variables.
Results
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Results (1) preferred to the PRM.
Metro-specific heterogeneity helps to explain the differences in incident levels across metro lines, as reflected by the improvement in the goodness of fit of the models allowing for metro specific variation.
Goodness of fit statistics [AIC and BIC indices] further indicate that the NBRM with random metro-specific variation is the best model. 
Results (2) -Detailed
Results (4) -Factors that help reduce incidents
Moving from manual to automatic train operation -33% Incidents 31 31 31 31 +1 tph practical capacity -3.7% Incidents
